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1. INTRODUCTION

Radio frequency (rf) systems that utilize the polarization characteristics
of the target and environment to detect, track, identify, etc., are referred
to as rf polarimetric systems. These systems usually combine the polarization
characteristics with frequency agility for increased range resolution. Examples
of such radar systems are the Multi-environment Active Radio Frequency Seeker
(MARFS), the Advance Indirect Fire System (AIFS), the Helicopter All Weather
Fire Control and Acquisition Radar (HAWFCAR), and the Polarimetric Technology
Seeker (PTS) as well as various other R&D radars under development by numerous
independent contractors in private industry.

The demand for a more complete understanding of the techniques and pro-
cessess employed in various programs has precipitated the development of the
polarimetric radar simulation. This document covers the mathematical analysis
required as background, the computer simulation model, and typical results.
Recommendations for future expansions of this model are also addressed.

II. MATH MODEL DEVELOPMENT

A. Polarization Definition

The concept of polarization and the associated conventions are vital to
the understanding of the use of the polarization scattering matrix. The defi-
nitions of polarization have been traditionally either the physics or the
engineering convention. Either convention will provide the same general
answer but with different notation. Therefore, the convention to be used
throughout this analysis is as stated in the IEEE STD 211-1977 "IEEE Standard
Definitions of Terms for Radio Wave Propagation".

Linearly Polarized Wave - An electromagnetic wave whose electric and
magnetic field vectors always lie along fixed lines at a given point. (Page 9.)

Left-handed (counterclockwise) polarized wave - An elliptically polarized
electromagnetic wave in which the rotation of the electric field vector with
time is counterclockwise for a stationary observer looking in the direction
of the wave normal.

IOTE: For an observer looking from a receiver toward the apparent source of
the wave, the direction of rotation is reversed. (Page 9.)

The definition of right-handed is found on page 12 and is the same as above
with the word clockwise used instead of counterclockwise.

B. Plane Waves

For a plane time harmonic electromagnetic wave traveling in free space
the electric field intensity vector E(t), and the magnetic field intensity
vector H(t) are always orthogonal to one another and have directions specified
by the right hand rule as defined in the complex Poynting vector (S).
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Since E and H are always coupled together, it is customary to specify the
E(t) vector only in describing the plane wave. The plane wave can be spe-
cified by its amplitude, frequency, direction of propagation, and polariza-
tion.

The vector wave equations for waves in free space* can be written as

V2- + k2E = 0

V2jf + kff - 0

where k is the complex wave number. The rectangular components of T and H
satisfy the complex scalor wave equation (commonly called the Helmholtz
equation):

V2, + k2y ,0

The solution to the Helmholtz equation for one component, say x, thus reduces
to

d2Ex + k2 Ex - 0

dz2

which is the one dimensional Helmoholtz equation. The equation has solutions
that are linear combinations of ejkz and e-Jkz. We can choose to work with
either of these solutions, though, in engineering we generally use the form
e-Jkz: in particular, consider the solution

Ex f Eoe-jkz

This satisfies the VE-0, and is therefore a possible electromagnetic
field.

To interpret this solution, let Eo be the rms value; then the instan-
taneous field is found to be

x .V Eo cos (wt-kz)
Cy -VjT Eo cos (wt-kz)

For conventions' sake, the x direction will be the horizontal polarization
and the y direction will be the vertical polarization. In general the two
waves need not have the same phase. Again, for convention, it will be
assummed that all phase shifts between the two waves are referenced to the
horizontal wave. Therefore, the final form of the wave equation can be writ-
ten as

Ex(r,t) - EHeJ(wt-kz) 1rx

Ey(r,t) - EveJ(wt-kz+0o)Ty

*"Time-Harmonic Electromagnetic Fields" Roger F. Harrington, McGraw-Hill Book

Co., 1961.
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where

EH is electric field strength polarized in the horizontal direction.
EV is electric field strength polarized in the vertical direction.
w is the radian frequency of the transmitted wave.
k is the complex wave number.*
t is time
z is distance (when z - range to target z - R)
0o is the phase difference between horizontal and vertical electric field

waves at the transmitting antenna. (-n< o <_)
2y is a unit vector in the Y direction (vertical)
2X is a unit vector in the X direction (horizontal)
az is a unit vector in the Z direction (range)

C. Special Cases of Polarization

1. Linear (see Figure 1)

0 W 0

VT - EveJ(wt-kz)ry or Ev cos (wt-kz)y

HT = EHeJ(wt-kz)x or EH cos (wt-kz)-xx x

p arctan VT/HT = arctan Ev/EH

*(k-k'-Jk") where k' is the intrinsic phase constant and k" is the

intrinsic attenuation constant. When no attenuation is assumed
k " k' = 2%/X.

Y

p

IX

Figure 1 Linear polarization

p equal zero is referred to as horizontal polarization.
p equal ninety degrees is referred to as vertical polarization.
p equal forty five degrees is 45 degree linear polarization.



2. Circular (see Figures 2 and 3)

Po " + 900

Left hand circular 0o - 90" or %/2 radians.

The loci is a circle of radius E. The electric field vector is constant
in magnitude. When looking in the direction of travel the electric field
vector rotates counterclockwise: when looking against the direction of tra-
vel the vector rotates clockwise.

' I
Itravel of I is out of the page

Figure 2. Left hand circular polarization.

Right hand circular

Po - -90* or - n/2 radians
/

EV-- E

The Loci is a circle of radius E. However, the electric field is rotating
clockwise with time when viewed in the direction of travel, and counterclock-
wise when the observation is made looking against the direction of travel.
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I.

travel of E is out of the page

Figure 3. Right hand circular polarization

3. Elliptical (see Figure 4)

sin 00 > 0 left hand elliptical
sin 00 < 0 right hand elliptical

/ .

Figure 4. Elliptical polarization

The angle p is the angle to the major axis e and is dependent upon the ratio
of Ev, ER, and Ro.

iJ __ 5 , ,. . , : . . . :-' -,." , :- .. .. ,' . . .



D. Polarization Notation

As previously presented, a pure left hand circular polarized wave

electric field may be shown as

ETL = E[cos(wt-kz)Nx - sin(wt-kz)Ny]

and a pure right hand circular polarization as

ETR = E(cos(wt-kz) x + sin(wt-kz)Jy]

For simplicity the time dependency given originally as eJwt may be suppressed or

removed and a circular wave can be represented as

ETL = E(cos(-kz)ax - sin(-kz)ay]

ETR - E(cos(-kz)ax + sin(-kz)ay]

Assuming the electric field at the transmitter (z=O) is 900 (plus or minus) out
of phase in the H and V direction, or

ETL = Fgx + ZeJ/2y

ETL = E + JE for left hand circular (see Figure 5)

Therefore

ETR = E - JE for right hand circular

,Y ,

HT - E cos (wt-kz) ax
VT - E cos(wt-kz+900 )ay /

Fu 5t

Figure 5. Left hand circular wave traveling in Z direction.
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E. Scattering Matrix

Scattering of a wave by objects in the field of view is modeled by the
polarization scattering matrix as

[-E] = [S][ET 1

where ER is received electric field vector

ET is transmitted electric field vector

IS]"
S  SH1]

It can be shown that the scattering matrix is related to radar cross section
in the following manner:

For convenience, the term is usually dropped and the received electric

field components are shown to be related by

[ER ]  [S] [-]

Therefore, for a monostatic radar the voltage at the antenna terminals is
related as (E: rEIS EV].
where K is some factor that represents the appropriate radar range scaling,
which for most calculations is not considered unless the absolute received
voltage is required.

For a left hand circular transmitted wave this becomes

[FH - [:] [S
[ r E [E . S ~ J(wt2kR+n/2)

where R is now the one way range to the target from the radar.

7
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In short hand notation this can be written as

[ER] - rS [

F. Scattering Matrix for Simple Objects

The polarization scatterlne matrix in its most generic form is written
as SejyS j21

it 211

S222 e-2
where the subscripts refer to orthogonal components, the first subscript
being receive, and the second transmit.

In the linearly polarized form this becomes

FHHe 
J HH SHVeiJHV1Is] -I VeP~VH SV~ eJO I

In the circular polarized form this becomes

[SRReJRR SRLeJ$RL]

i SLReJOLR SLLeJOLLI
where R refers to right hand circular, and L to left hand circular.

In this analysis where a circular wave (right or left) is broken into
its horizontal and vertical components the linearly polarized scattering matrix
must be used. However, the same results could be obtained by using the cir-
cular scattering matrix and not breaking down the electric field into orthogo-
nal components of EH and EV.

Consider an odd bounce reflector (a flat plate) that totally reflects the

transmitted wave. The linear scattering matrix elements can be written as

Sll = SHH, S12 - SHV , S2 1 - SVH, S22 SVV

The return from an impinging horizontal electrical field will have the same
magnitude but the phase will shift 1800. The same is true for an impinging
vertical electric field. A horizonal electic field striking a flat plate and
being received in the vertical direction is zero. The same is true for
transmit vertical/receive horizonal.

The scattering matrix for a flat plate is therefore

( S J F P - 0 1

8



It should be noted that the 1800 phase shift is due to the electromagnetic
boundary condition of zero tangential field at the surface of a perfect con-
ductor. This matrix could have been written as

- n [0i :[SIFP" - O e-J1

noting that e - -1.

The same odd bounce reflector in a circlar scattering matrix would have
the following elements

Sll - SRR; S12 - SRL; S21 - SLR; S22 = SLL

The rotation of the return from a circularly polarized wave will be the
reverse of the rotation of the transmitted wave; that is, right hand
transmitted becomes left hand received. Because there is only a cross polari-
zation component, the circular scattering matrix for a flat plate (odd) is

SIFP 
-

The equivalence of linear polarization and circular polarization can best
be seen from examples of both worked in parallel. Assume a left hand circular
transmit into a flat plate.

The circular (left hand) transmit is written in a linear system as

T
E - El- + jEy

A circular transmit system is written in circular notation as
T T

ET -r El + E E

where R is a unit vector rotating in the right hand direction

f is a unit vector rotating in the left hand direction

9
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LINEAR (FLAT PLATE) CIRCULAR (FLAT PLATE)

= -EH ER =ET

E~2s-T R- L

L L

R 0

V- ,.,..L

Noting that the direction In the circular form
of travel has reversed the received wave is
the received wave is of of the form
the form

T T
ER= -EH JE E =ER + O

which is a right hand which is a right
circular wave traveling in hand circular wave.
the -z direction.

Figure 6. Scattering characteristics.

The analytical relationships developed for the simulation are based upon
the linear scattering characteristics of a few simple shapes, classified to
some degree by the number of reflecting surfaces encountered.

1. Odd bounce scattering matrix (flat plate, trihedral corner reflector)
for linear polarization (see Figure 6)

2. Even bounce scattering matrix (diplane) for linear polarization

los2R sin2s ]
[oin2O -cos2

where 0 is the angle of rotation of the diplane relative to the horizontal.
(See Figure 7).
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Figure 7. Diplane rotation angle.

3. Dipole matrix for linear polarization (Figure 8).

[-cos2A -cosOsinO]

-cosesinO -sin2O J

/ I

Figure 8. Dipole rotation angle.

It is assumed that superposition holds such that a complex target may be
modeled by an ensemble of these even and odd bounce targets or scatterers with
the inclusion of their respective ranges.

G. Radar Range Scaling

The basic radar equation to determine the power received at the radar is

'Pr - ptG2X2a

where Pr is power received in watts
Pt is peak power transmitted in watts
G is antenna gain (unitless)
X is wavelength in meters
o is radar cross-section in meters squared
R is range to target in meters
Ls is system loss (unitless)

Because this analysis is performed in the voltage domain the standard
radar equation must be modified to be expressed in terms of voltage.

11



Pr (Vpeak/V12) 2/Z

where Vpeak is peak voltage received
Z is impedance (assumed 50 ohms)

Therefore, the peak voltage (Vpeak) is

Vpeak = J2*Z*Pr

By removing the radar cross-section from Pr' Pr becomes a constant radar
scalar which when used with the field voltage obtained from the scattering
matrix defines the peak received voltage.

= 2ZPtG
2%2

Vpeak V(4' O)3R

H. Noise Generation

If the radar were operated in a perfectly noise free environment so that
no external noise sources accompanied the desired signal, there would still
exist an unavoidable component of noise generated by the thermal motion of the
conduction electrons in the receiver input stages. This is called thermal
noise and is directly proportional to the temperature of the ohmic portions of
the circuit, and the receiver bandwidth. The available thermal-noise power
generated by a receiver of bandwidth Bn (in Hz) at temperature T (degrees
Kelvin) is equal to:

average available power = KTBn

where K is Boltzmann's constant (1.38 x 10-23 joule/deg)

No matter whether the noise is generated by a thermal mechanism or by
some other mechanism, the total noise at the output of the receiver may be
considered to be equal to the thermal-noise power obtained from an ideal
receiver multiplied by a factor called noise figure (NF). The noise figure
(NF) of a receiver is defined by the equation:

NF - noise out of practical receiver

noise out of ideal receiver at Std Temp (TO)

The standard temperature is taken to be 2900 K.

Therefore,

average available power - KToBNF

Assuming this to be the available average power at the input stages of a
radar, the ohmic load is assumed to be matched as in the simple circuit
diagram in Figure 9.

12



-0-

RL

Vs

Figure 9. Equivalent noise circuit.

NOTE: Load resistance (RL) is matched to source resistance (Rs).

Therefore, the RMS voltage available at the source can be calculated as

Vs - 2VL

VL -= ToB rRL and V s " 2V BNFRL

The noise entering the IF amplifier is assumed to be Gaussian, with a

probability-density function given by

p(v)dv exp -2 dvexp- I)

where p(v) dv is the probability of finding the noise voltage between the

value of v and v + dv, To is the variance, or mean-square value of the noise

voltage. The mean value of v is taken to be zero.

Therefore, the mean-square value is taken to be VL2 or KTOBNFRL and the
standard deviation by definition is

SD -rKTo BRL

I. Antenna Isolaton

When two antennas (or elements) are widely separated the energy coupled
between them is small, and the influence of the receiving antenna on the
current excitation and pattern of the transmitting antenna is negligible. As
the antennas (or elements) are brought closer together the coupling between
them increases.

Isolation of a polarimetric antenna is represented as two antennas that

cross couple energy during transmit and receive. Considering only the

transmit cycle the coupling can be represented as in Figure 10.

Ev E R1 VT = vRl+E1HR 2

EH ____________I_ EHR1+E ,R2

Figure 10. Transmit isolation.
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In Figure 10 Ev and EH are input to the antenna, and VT and HT are antenna
outputs.

R2 - 10 -ISOL/20 R /TiOSOL7/0

ISOL is the antenna isoluation in dB one way, always positive.

Assuming reciprocity, the isolation upon receive is

EVR - VRRI+HRR2

EHR = HRRI+VRR2

where EVR and EHR are the input signals to the receiver and HR and VR are
the inputs at the antenna plane.

Phase stability is assumed across the antenna plane.

J. Frequency Agility and Intra-Range Resolution

Range resolution is usually defined as the distance at which two targets
can be resolved in range. In the conventional radar this is defined by the
pulse width of the transmitted wave as AR -(CT/2)

where AR is range resolution (m)
C is velocity of light (m/sec)
T is radar pulsewidth (sec)

Considering the radar to have a match receiver t, equal to one over receiver

bandwidth, AR becomes

AR - C
2B

where B is bandwidth in Hertz.

Either of the two equations can be used to calculate the range resolu-
tion of a radar. However, the latter equation is the more general form and
can be ulitized in calculating range resolution in conventional radar, pulse
compression radar, and frequency agile radar, as well as in hybrids of these
such as the pulse compression frequency agile radar.

Ruttenberg showed in 1967 a method that increased range resolution with
a non-coherent source. This involved a frequency agile scheme that summed the
pulses after they were received (coherent on receive) and delayed by 1/PRF.
Since then the use of a fully coherent radar utilizing frequency agility,
pulse to pulse, and the Digital Fourier Transform, has demonstrated a range
resolution technique that does not require delay lines as did Ruttenberg's
technique. The coherent pulses are fed to a DFT (usually the same size as the
number of frequency shifts) and frequency is transformed into time (via the
DFT) with intra-range resolution of the system following the same range reso-
lution equation.

14i



AR --

2B

where B is now the frequency agile bandwidth.

Gjessing, in his book "Adaptive Radar in Remote Sensing" shows that the
amplitude spectrum of the scattered field is the Fourier transform of the
delay function f(t). Thus, if the target is at some distance d, the delay
function will oscillate with a period c/2d. Therefore, by the use of a
multifrequency radar system, the resolution of the radar can be increased as
the bandwidth of the agile radar increases. The complex Fourier transform
will provide the true reference, while the amplitude only Fourier transform
will provide the relative distances between the resolvable elements.

III. RADAR SIMULATION

The functional diagram of a polarimetric radar is shown in Figure 11.
Functionally the model is a frequency agile coherent radar model. If a non-
coherent radar model is desired the signal processor section can be modified.
The frequency agile waveform selects the transmitter and coherent local
oscillator frequency. The transmitter energy is split (coupled) to the dual
polarized antenna with a +900 phase shifter in the vertical channel, resulting
in either right hand or left hand circular polarization. Zeroing one channel
or the other results in horizontal or vertical polarization. Removing the
phase shifter and adjusting the splitter results in slant polarization of any
desired angle. If the cross coupling in the antenna section is large enough
the result is an elliptical wave.

Energy reflected from the target area is received in both the horizontal
and vertical antennas with cross coupling, and passed to the coherent Inphase

(I) and Quadrature (Q) detectors, resulting in IF detected signals of horizon-
tal I and Q, and vertical I and Q.

This radar simulation configuration allows maximum versatility by pro-
viding for circular, elliptical, and linear polarization transmission.
Receiving horizontal and vertical with antenna cross coupling allows the
signals of circular and elliptical, and horizonal and vertical, either
coherent or non-coherent. The configuration shown in Figure 11 is not
intended to imply prefered hardware configuration, but rather to depict a
radar simulator which can be used to simulate a large number of pulsed polari-
metric radars in order to evaluate proposed radars and signal processors.

A. Signal Processing

1. General

Outputs from the radar simulation (HI, HQ and VI, VQ) are input to the
signal processing software where they are combined to form various types of
received signals and the respective inverse Fourier transforms. The radar
signals available from the the signal processor as plots are:

15
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a. Peak Horizontal voltage
b. Peak Vertical voltage
c. Phase between Horizontal and Vertical
d. Peak Left Hand Circular (LHC) voltage
e. Peak Right Hand Circular (RHC) voltage
f . Phase between LHC and RHC
g. Scatterer Locations (inverse FFT's of coherent signals)
h. Scatterer Seperation (inverse FFT's of non coherent signals)
I. Phase plots of FFT's

2. Linear Polarizaton

Functionally the coherent horizontal and vertical signals are processed
as shown in Figure 12. The resulting inphase and quadrature signals are then
loaded into a complex array, and an inverse FFT is performed. The resulting
lines represent the location of the scatterers relative to the leading edge of
the radar range gate.

Received Signal In-Phase Detector (Double Balanced Mixer)

A cos(evt i 0 cos

LOCAL OSCILLATOR
B cos wt

EL WPAS3 ABsi-
[FILTER [HQ or VQ

Quadrature Detector (Double Balanced Mixer)

Horizontal Received Signal HI+JHQ
Vertical Received Signal - VI+JVQ

Figure 12. Linear coherent detection block diagram.

Loading the real portion of the complex array with the amplitude magni-
tudes only, and performing an inverse FFT, results in lines that represent the
separation of scatterers relative to each other. There is one line (neglecting
sidelobes) for each combination of pairs of scatterers.

N
No. lines - Z (N-i)

i-I

where N is the number of reflectors.

17



3. Circular Polarization

Figure 13 is a functional block diagram of a linear to circular tranfor-
mation. Inputting horizontal and vertical inphase and quadrature results
in left and right hand circular polarized signals. This can be repre-
sented in matrix notation as:

Figure 13. Block diagram of linear to circular polarization converter.

Loading the resulting RHC or LHC into a complex array, and performing an

inverse FFT, results in lines that represent the location of scatterers rela-
tive to the leading edge of the radar range gate.

Loading the real portion of the complex array with the amplitude magnitudes I
only, and performing an inverse FFT, results in lines that represent the
seperation of scatterers relative to each other.

IV. SIMULATION ULITIZATION

A. General Simulation Outputs

Figures 14 through 35 are the 22 output plots of the simulation. Four
received amplitudes (Horizontal, Vertical, LHC and RC) are plotted as a func-

tion of the transmit frequency. The header data presented at the top of each
plot define the radar operating parameters used in the calculations. All
plot headers for each input parameter set are identical. The phase angle bet-
ween received Horizontal and Vertical or RHC and LHC is plotted as a function
of transmit frequency and is the angle Beta discussed in paragraph 2.2. The
remaining 16 plots are inverse FFT's, amplitude and phase, plotted as a func-
tion of intra-range gate resolution. The FFT amplitude plots labeled I&Q pro-
vide scatterer location from the leading edge of the range cell while the
plots labeled peak amplitude provide scatterer separation depending on whether
the amplitude data were loaded into the FFT as complex I&Q or as real ampli-
tude only. VET's were loaded in ascending order with the received signal from
the lowest transmit frequency in location one.

18
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B. Antenna Isolation

Utilizing the simulator program, and varying the amount of one way
antenna polarization isolation, can reveal the effects of isolation on the
polarimetric outputs of a system. This is exampled by Figures 28 through 32
which show the LHC and RHC scatterer locations for a four target array with 30
dB one way polarization isolation. Figures 36 and 37 present the same con-
ditions with 10 dB isolation for comparison. Comparing these plots one can
observe the cross coupling from one channel to the other.

While this example is presented for LHC and RHC output it is obvious that
the other outputs of the simulation may also be examined. Antenna isolation
effects on horizontal or vertical outputs, in either the coherent or non-
coherent mode, as well as other combinations of transmitter and receiver polari-
zation configurations, can be examined.

C. Signal to Noise Ratio

System noise effects on polarimetric outputs can be examined in two ways:
first, by increasing target range (reducing signal strength); second, by
increasing the receiver noise figure (increase system noise). Examples of
these are given in Figures 17 and 21 (horizontal and vertical scatterer loca-
tions for a greater than 30 dB signal to noise ratio), and Figures 38 and 39
(for a signal to noise ratio of 8 dB).

Inputting a clutter model and varying the system noise will allow examina-
tion of the effects of the clutter to noise problem on signal processing.
System noise can be increased by elevating the receiver noise figure.

D. Signal to Clutter

The utilization of the simulator program to explore the effects of clutter
on signal detection will be highly dependent upon the target and clutter
models used. A model for clutter in polarimetric form that has been truly
verified has yet to be developed. Therefore, in order to demonstrate the use of
the program the following example will be used: a contrived target model of one
and one half meters radar length, made up of five reflectors randomly spaced,
and having a radar cross section of five square meters each (Figures 40 through
43); clutter made up of fifty randomly selected location, orientation, and type
spaced reflectors of 0.1 square meters each. This example has a total signal to
clutter ratio of 25/5, or 7 dB, and is shown in the horizontal and vertical
location plots in Figures 44 and 47. Figures 48 through 51 show the same con-
figuration with the clutter cross section increased to one square meter per
reflector. This represents a signal to clutter ratio of -3.0 dB (25/50).

V. CONCLUSIONS AND RECOQMENDATIONS

A digital simulation has been developed to investigate various aspects of
a frequency agile, polarimetric pulsed radar system. While the simulation is
not all inclusive and will undoubtedly be refined and updated for years to
come, it is a useful tool for evaluating both hardware and software effects on

19



the next generation of radars. The simulation validation was performed by
comparison with an operational radar. The validation has been excluded as the
data were acquired from a contractor's IR&D radar. Any government agency
desiring more information relative to the validation should contact the
authors at AV 746-4061.

Major limiting factors to simulation results are the target and clutter
scattering models which remain basically undefined at this time. It is recom-
mended that all models and data in the future be done in scattering matrix
format so that the entire radar signature will be available for future radar
hardware and simulator designers. Without such data and validated models the
radar system analyst and designer will continue to suffer from the so called
"Sedenquist Effect"; that is, put two radar engineers in a room and say the
word "clutter"; return years later and they will still be trying to define and
agree as to what clutter is.

Future plans for the polarimetric radar simulator include the addition of
doppler, tracking errors, jamming, attenuation back scatter due to weather,
and realistic model development.

This simulation does not include cross range positional effects of scat-
terers. All cross range scatterer positions within the antenna beamwidth are
collapsed to a single radial range bin. The inclusion of doppler will pro-
vide the second "cross-range" dimension for two dimensional analysis.
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APPENDIX

Simulation Flow Charts and Program Listing

The following flow charts were developed as an aid in following the mathe-
matical development of signals. The program listing of subroutines is short
enough to provide an easily followed path without flowcharts. This simulation
has been developed and run on a Digital Equipment Corporation (DEC) 28K word
PDP-11/1O computer running DEC's RT-l1 operating system. The plots were per-
formed utilizing a Tektronix terminal 4014 driven by in-house developed
plotting software. The plotting subroutines are described by function only
without software listing included in the program printout. This will provide
a programming guide for tailoring plots to other systems.

DEC's RT-11 Subroutines

Call Assign - Attaches a disk file for reading or writing and assigns a
logical unit number.

Call Close - Closes an attached disk file.

In-House Computer Subroutines

Call 1AND - Performs logical hit anding of the two arguments.

Call SWR - Read computer switch register. Used to control line printer

and hard copy functions.

Call NLOGN - Perform forward or inverse in place FFT of complex array.

In-House Plotting subroutines

Call PLOT - Erase 4014 screen.

Call V14CSZ - Select size of Alphanumeric characters typed on 4014.

Call AXES - Draw plotting axes by screen position and tic-marks controlled
by user units and store parameters for user units plotting by call LINE.

Call LINE - Draw graphic line on 4014 between two points described by user

units.

Call HRDCPY - Cause hard copy of 4014 screen to be produced.

Call LABEL - Provide X and Y axes labels to be centered and typed on 4014.

Call STALL - Cause computer to wait momentarily for HRDCPY to be executed.
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START 

D

ITLITRNITIALIZE CONSTANTS

ET E1H(27 E12,(- P 3HIT 1, CCD, ITLT

RIINPUT ANISOLOCAT AN EN

R-AINIG NEL

CALL XMITSUBRUTIN

C-, ALL.. Is*X-.- M



EHTP=ElH*e (ANGHr)
EVTP=EIV*e(ANGVT)

MULTIPLY BY CROSS COUPLING FOR TRANSMIT
EHT=EHTP*R1+EVTP*R2
EVT=EVTP*R1+EHTP*R2

PHASE SHIFT IN RCVR
PHIRH=O.
PHIRV=O.

INPUT FREQ
AGILE STEPS
NSTEP

NPUT FFT
SIZE
NFFT

NPUT
DATA FILE NAME
IFILE

2
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2

EAD DATA FILE
NOISE-ON OR OFF (1 or 0)
RIFBW-RECEIVER IF BANDWIDTH
RNFDB-RCVR NOISE FIGURE IN DB
CF-XMIT CENTER FREQ (HERTZ)
FBW-FREQ AGILE BANDWIDTH (HERTZ)
PRF-PULSE REP. FREQ (HERTZ)
PTPWR-XMIT POWER (WATTS)
CR-COMPRESSION RATIO
GAINA-ANTENNA GAIN (dB)
RANGE-RANGE TO LEADING EDGE OF RANGE CELL (METERS)
DBLOSS-SYSTEM LOSSES (dB)
ASCALE-AMPLITUDE PLOTTING AMPLITUDE SCALE ( VOLTS)
NSCAT-NUMBER OF SCATTERERS

CALCULATE
DF=FBW/FLOAT(NSTEP-I)-FREQ STEP SIZE
ANTG=IO.** (GAINA/1O.)-ANTENNA GAIN

ANTG2:ANTG**2-ANTENNA GAIN SQUARED
RANGE4=RANGE**4.-RANGE TO THE FOURTH POWER
SLOSS=IO.**(DBLOSS/1O.)SYSTEM LOSSES IN EITHER H OR V CHANNEL
VARI=50.*l.38E-23*290.*RIFBW*RNF

READ SCATTERERS' DATA
TYPE, SIZE, ROTATION ANGLE, DISTANCE

CONVERT ROTATION ANGLES FROM DEGREES TO RADANS

SET NOISE FREQ ACCUMULATORS TO
ASHRH=O
ASNRV=O

3



FIRST FREQ STEZP TO I
IFSTFQ=I

GENERATE FREQUENCY F
SFROM FUNCTION FREQ (IF)

CALCULATE WAVELENGTH

CALCULATE PHASE SHIFT DUE TO FREQUENCE
PHIF=4 TT/ A

CLEAR COMPLEX ACCUMULATORS
EHACC=O+jO
EVACC=O+jO

4
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4

INDEX A SCATTERER

CALCULATE TOTAL PHASE SHIFT DUE TO FREO & DISTANCE
P HIFD=PHIF'*SCATER (1, 4)

ALL A SCATTERING MATRIX SUBROUTINE

By S CATTERER TYPE

CALCULATE TOTAL PHASE SHIFT AS COMPLEX EXPONENT
ANGH=O+j (PHIRH+PHIFD)
ANGV=O+j (PHIRV+PHIFD)

CALCULATE PHASF SHIFTED RE-RADIATE H&V WAVES
ETHOR=EHT*e- (ANGH)
ETVERT=EVT*e-(ANGV)

CALCULATE AMPLITUDE ATTENUATION FROM FUNCTION RSCALE
SCAL E=RSCAL E (LAMDA)
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5

CALCULATE RE-RADIATED SCATTERER ENERGY RECEIVED AT ANTENNA
EH=SCALE (S11*ETHOR+S 12*ETVERT)
EV=SCALE (S21*ETHOR+S 22*ETVERT)

SAVE EH
EHTP=EH

CALCULATE ANTENNA CROSS COUPLING EFFECT 1EH=EH*R!+EV*R2 I
EV=EV*RI+EHTP*R2 iI

ACCUMULATE SCATTERER EFFECT IN H&V
EHACC=EHACC+EH
EVACC=EVACC+EV

LAT T  (

NOISE ON? _NO

66
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IE GAUSSIAN NOISE AMPLITUDE
ICALL FUNCTION VNOISE
IVN1=VNOISE(SD)

VN2=VNOISE( 
SD)

GET UNIFORM RANDOM PHASE
CALL RANPH(PN1)
CALL RANPH(PH2)

GENERATE I&Q NOISE COMPONENTS FOR H&V
VNHI=VN1*COS(PN1)
VNHQ=VN1*SIN(PN1)
VNVI=VN2*COS(PH2)
VNVQ=VN2*SIN(PH2)

COMPLEX NOISE VALUES
VNH=VNHI+jVNHQ
VNV=VNVI+jVNVQ

ACCUMULATE NOISE FREE SIGNAL FOR H&V CHANNELS
ASNRH=ASNRH+CABS(EHACC)
ASNRV=ASNRV+CABS(EVACC)

ADD NOISE TO SIGNALS
EHACC=EHACC+VNH
EVACC=EVACC+VNV
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7

GET 1&0 OF HORIZ CHNL
HI=REAL(EHACC)
HQ=AIMAG(EHACC)

GET I&Q OF VERT CHNL
VI=REAL(EVACC)
VQ=AIMAG(EVACC)

CALCULE HORIZ RCV SIGNAL PHASE ANGLE
HZANG=-ATAN2(HQ, "I)

CALCULATE VERT RCV SIGNAL PHASE ANGLE
VTANG-ATAN2(VQ, VI)

CALCULATE PHASE ANGLE BETWEEN H&V REFERENCE
TO HORIZONTAL
BETA-VTANG-HZANG
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8C
NORMALIZE BETA TO +180 DEGREES

STORE H&Y PHASE ANGLES1

[TORE TRANSMIT FREQUENCY1

SRFEQ(IF)=Fj

STORE I4&V I&Q SIGNALS
HISAV(IF) -HI
HQSAV(IF?:HQ

VQSAY(IF)=YQ

AHSAY IF)=CABS(EHACC)

II
I AVSAV(IF)CBSETACC INL
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CALCULATE & STORE RHC RECEIVE SIGNAL

'4 A(F=1./- (iv)j(Qv)
ICALCULATE & STORE LHC RECEIVE SIGNAL
LHCSAV(IF)= il,6 ((HI-VQ)+j (IQ+vl))I

CALCULATE LHC PHASE ANGLE
{LBETA=ATAN1((HQ+VI),(HI-VQ))

CALCULATE RHC PHASE ANGLE j

CALCULATE PHASE 
ANGLE BETWEEN RHC 

& LHC
USING RHC AS REFERENCE
CBETA=LBETA-RBETA

NOR MALIZE CBETA TO + 180 DEGREES
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10

CALCLATEINTGER OWE OF FO FFTSIZ

YES

CALCULATE AVEGER POWNE PULS S2GFAL oISE RAI INd
N-ALOI*LO1O(1F/VLOGASNRH.STEP/

SRNV*2 YE CALLL ( (jANR/NTP 5

I1 N

INITALIZ SIGAL O NOSE VL7E

SNRH=99.99~



SET UP AUTOMATIC HARDCOPY
AND
DATA PRINTING IF DESIRED

L1

PLOT AMPLITUDE VERTICAL - ST ITERATION

LHC -2ND ITERATION

PLOT PHASE

SVS FREQ LINEAR PHASE ANGLE - 1ST ITERATION
CIRCULAR PHASE ANGLE - 2ND ITERATION
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L PERFORM INVERSE FFT OFARRAY VALUE

PLOT FFT PHRAE D MLTD
VS DISTANCE

COHERENT-H, V, RHC, LHC
NON-COHERENT-H,V, RHC, LHC

PLOT FT PH7S
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FUWTkAh iV Iv VIC-0J3F* THU 26-OCT-62 0O:US:vd PAiE 'Jul

ouvl PFCUtNAm 61P1.PTS
C
C PIWU~hAM 10? SIMULATE THE hF GUlVAN.CE TECH,40LOGY'S PULARlMETRIC
C lEC"NiULLGY SEIEEN (PTS).
C
C mkirrE~v d: F. 0. scuEfi'jb~ Aho R. F. DWUSSELL '6-IFIu-a
L
C LATEST UPUATE: 26-UCT-62
C

UVUu INIEbtI vXkAXIS(2U),NYAXlS(20)
uViu3 iNTEGER IFILE(d,.'aMI4T(2)

UUIJ4 kEAL LdtTA*LAMuA
uoul3CUM~PLEX VALUE(25b)

Ooub COMPLEX AVI6VAL
Oosj7 JOftEeiSLU~ SFREw(25*)

ud DIM)1tbON bdrAH(2bSd3ETAVk25b)
UOY9 O1l.EI'SlIUr SCATE.N(luu.Gj.AMSAV(256),AVSAV(256) ,bETSAV(2*b)

uulu vl.E.,SLU~ CBETlSAV25b)

YU13 COMPiLEX r4CSAVd~b),LCSAV(5o)

ouI ti COMPLEX ANGHT*A-96VT
volb COMPLEX EHACCPLVACC#.VHPVNV

UU17 COMMUrs /NLWeI/FSTF'J, IUP.LSIEP.NSTEPDF,CFFu"
008COM.4u.V ,'at.CC1 SCA1Ek,S4ATiX

V014 COWAN~u /HEA~i)A1SOL,.NqCAT,GAIIIA,rW.ISE,
I .RA,(,EUILU5Se,'.XM11eIFILE.$Utdl~G.

uqoeo CflMmUN /,AU /#USAVNISAV,VUSAV.VI3AVS-kt.SETAN.Sda IAV#tBETSAV.
I NNCbAVLflC.AVCddTAS.AhbAVAVbAV*
I VALUE~

uvvcI CdU"oi'JN /516 4A/ OMk AG4C ~T2 LSP4
C
C LNIfIAL4ZATjlv? VALULS

.43uVJLIS=I.E-b !OlCIRU-VULTS SCALE"
lU04 

4  C z 2. 91079 3f 8

vuub I k U.=
wvel PL=3.l.41'39

OUu1 tCUhq:..1ldu. ICu~vERT 0EkhES IlU mADIA,jb

uo32CALL PLk)II'JJ
uu33 CALL V14C51(1)

uosjACCtt~r biU4,AloUL

VU3 !mA,4bE~t VJLTk~ VULTlu ~AI
C mUmn PLIA44I.UNE



FumTkA. IV~ VOIC-u3F* THU 26-UCT8 00:05:Ia PAGE UU2

U039 ANGrII CMPLX tU. 0.)
LUU'') AMVTC.4.JLX ( 0. FPM I TV)
Uu'ul EH1P=E1H*CEXIVtANGnT)

U0.62 EVTP=Elv*CEXP(ANkbVT)
C ,1ONIZU3jNAL (,kA.45mX7 CUMPUNEVii Al TH ANTENN~A X-CUUPLLING

C vENTICAL TWA-oSIT CUMPUAiNI AITH AWTE~iA X-CUUPLIN6
U044 EVIZEVYP*WI+tE1rPk
4)045 PHINIH=Q. :PHASE ShIFT TO IIECELVEU HUIR SIG

U0446 PINv~U. !PHIASE SHiIFT TO WtCtIVEU VER~T SI6
vU447TYPE bQ03

(J'ea ACCEPT buOd,,4STEP
U049 TYPE ou~l

ull!0 ACCEPT tbU2.i'iFFT

Vutol 11111 CALL PLUTCU)
us~t~aTYPE 600UIiRUN

L
C *** ALL INPUT DATA IS 4LAu FROM FILE INPUT TO IFILE

UU53 ACCEPT bul2,LFILt

Vu~ U3bAO te, 6Ua) NU ISE .1iT1 li FUR~ djISF OFF, I FOR'~1S u~

0050 KA0t~dvo04)IIFbA 44tCk.IVEt IF dAm~iUAI0IN 1,'. il
ov047 #(EAO(2epb004)RNFU8 lRECEIVEk NOISE FIGURE IN~ DI
05~d kNz0*(iFd2. L.NECEIVEtt .01iS FIGURE

C VAkIAINCE= Kv#
'09 VAI(0*.8-3*9.RFAkF 150 OHM~ Ii4PEUANCE
uuau SO=SWRTkVAWI) ISTANUAWli DEvIATIOr4 SQRT(VARIAw~CE)
U001 xEA0(22,bvoL)CF 1t.AANS, ITTtR CE;'ITER F.REGUEN'CY
UUoa KAO(2ebUo0h)F8W lFxkEUENCY A6ILITY BANOAIUTH
uuoi KA~k22,UU.J)PF !TrKA'eSm1T PULSE rkEP Ft J
U00O4 UF=Fbm/FLLJATI)bTEP-1j

I-is KA(2e,oUu4)PlPvK ;h4vErmAGE XMIT PAm ritNIlL OR~ VL-T CHAi04EL
L .AmEN AMITTER TUH\EV W-i LI.E. AXqjl PuAtN12)

VU6KAU(2e~,o0U4JCk :1cOMPRE~SIu WAIo

#U06 A-'TG=ioQMGAI.h/l 'Ai.TTvtiA G X~ O

0 ( b 9 AiNlG2=ANYG**d.
U~U nKEAU ( e. b u u 9 oAauE 1ikA--UE 1'. "ETEN~S Tu CELL UF It.tEftEST
U07 All=R.6*4
00O2 KA02ego0U'UbLUSS :SY5TEm LUSSES IN U'j Fun EITHER ti OR V CHANNE~L
uu73 5LUSSC1u.**tUdLUsSS(u.J ZbYSTEM L005TES EITmEft CMAN14EL ro Uli V
-U7,4 KEAL? (22ebuO.)ASLALE !AMPLITUUE SCALE MAX SCALE

C
C THIE it.XT L114E rL'ST ijE iji-dEMq UF SCATTEI(S TU OE WtAU

C FR~OM jiPIJIo FILE
L
C TmE'. EACH SUCCLtI)I,bt LiE %sILL LHA?.ACIEmILE Tmt: SCAT TEsES AS FULL')AO:

C
c
C SLATEWLI. l)=rYPE
C rvilE I FOR~ FLAT PLATE
C 2 Fun~ O)IiEU4AL
C .i FUN 1.qIrEI)KAL
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k; 4 FUN Vl$4JLE
C
C SCAl~xNU,2) SIZE (50 MLTEHS)
C SCATEk(1.A) Z N~tNTATIUN ANGLE IN UGkEE
C SCAIK(I,'4)=UJvE .AAY D~ISTANCE FRUM LEAU114G EUtiE (F RANGE CELL (mETE-RS)
L

vu7~i kEAV L4 ?2,b40)NSCAr
tj 4)1 riCALL bJLUT(U)

uu77 CALL V14CSL(4)
01)18 Tyr't eblv,IFILEoASCALE.NSCAT
u019 U0 5U I=1,f4SCAT

UL,02CALL V14CSZlt)
uuo3 CALL CLOSE(22)
UUO'4 U0 bU i1,NSCAI
4)U05 bu SCAIE4(1I,3)=SCATt.N(1, ii CON

ovbIFjTFJzI 1SIART FkiEu oi bTLP I OF U' kAfMP
007 ASNQ4rIU. ~.idI1IATL ACLUMULATuFI FOR .4uISL-t REE Me CHm4:-EL Sft,.AL

u u 0,3 A So K V V
U00,00 UO 2 IF:1,'4STEP

UuVI L A ra)AC / F
VU92 ttFPI'aLA14UA
vU'S Eh1iACL CCt41'L X( U..0 IINITAITE M ACCUMULATOR

OUL VACCZC.4L(U.#U.) !INrITIATE V ACCUM4ULATOR~
q.) V 5 O IUU I=I#NSCAT

UtI'b P m I FVH :MF* SC A E( 1 4)
04497 CALL GETSM4.I)
VU403 A NiHC MPL 9( 0. r PHI iR hlPI'Fl 0 EFFECTIVE ,HUR PHASE SHIFT
t0u94 A',tV:C-PLX(u.,P iNv.IPIFo) !FFECTl~tE VEwT P~HASE 4HIFT

01043 ttv~tr*vCEXP(-ANG)

Uuu~ SCALt~SCAL(LAAIJA)
olsti1SLALEt*S"lATcA.I, *EThON.S:AATkX(1,)*TvE.4)

ulutt EV=SLALLEa(sMArFIxtaI )*tTpi1)ft(wA1t2,2j 'tTVftt)
OU5 tH R.Zi'Eg H SAVE PUME RECEIVE MuN SbG..AL
utub tLqzk*KI+Ev*fia
Oh,? EvzEv*N~I~tmTP,,R lublE PURE tHCR SIG

Utud teACC=ErACC*Eri
VUu9 1I)U tvACC=EVACC4V
vllo lFt4'4J.E.0)%,OTO 120
ulle Vv'dV~1)1Sf(SUi
U 113 CALL FIA ,riPvl)
UI11 VN2VqJlbETSj)
4) 11 , CALL (A-4Pmj42)

U I 17 V %P,:v I* SI'. . I

'ui. I) V ViV.Cva1 '02)
V'.rI:C1'~wL qVkpDIM)

ule3 AS4INV:ASiNUVeCA05LIVACC) 3ALCUMULATt V .~,i- tSli, AL
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FljkTNAN4 IV VUIC-03F* TmU 20-uCT-a2 uu:ul.:Ud PAGE. DU~4

u1eq EHACL:z#1ACC+VNH 'AUUJ r'UIlE TU II 516iiAL
Uld5 tVACCZtVACCViV !AuU NOIaE TU Vf bIGiAL
uieb Ieu LU'iTI.'dUE

uIdd ?I(ZA1AGLtnACC)
uI 1 a9 l=EALEEVACC)

0 130 VI.JALI'AG(EVACC)

01 5 3IF Ull.ELJ.U.U.A.4U.4U.L).u.u)Gulu 130
u Ii nt ZANitATAtNMUvHI)

vl3d V TANG=AFANaUPvIJ
0134 14V dsElA=VIAG-4LA.4G

C d Y UiEP 1T I ON: dE IA 1Is RO ( V) I I E I T ME NON IZONTIAL

C UR VERTICAL ANtiLL IS ZEU
C

li 14 o IF PlA,.Ew.~)O..UR.VTANG.EU.U.v~tiETAUO.

V142 dE T&:A zAtjJ (dE T A P 12)
U1.43 IF (btTA. jT.PLJoEfA=8LUA-PId

V14,3IF0ETA.LT.-gJI)eETAele~dtTA

u I to MtjSAV(IF):NU
u 1!1 ML5A V iF) ZlI
0I 1'2VUSAV(!F):vj
u I t) VI.,AV(4F)zvl

uItaAMSAV(IF)CAdIEIACC) !CALCULATIN~G PEAA mUftIZ AMPLITU~tE
Uil.5 AVbAV(IF)CAO59.YVACC) ICALCULATIN'G PLAA VENT AMPLITUUE
v I' Oo I SA V ( 11; =3ErA

V1,37 KHCSAV(F)=V1O)4*C'PLAUNIVu),J(H4.yVJ

Ulfte LdTAAi)(C.EfA,I2)
ulbA IF tCoE T A. GT .P JCbE T ACd T A -PI

0 1 bt)IF (COE I A.LT .- PI )CsTALdEA.I

Ulbd gevv LONT dirIuE
U109 I=ALUGIO(FLUJAT(NFFT1) /ALtoGlot2. )+.5
U 17U IF k IKU'..E. I)CALL A1VU~t4(N~~iFFTNTEP,t8IG)
V17e bNH99f' !VALU.E Ll1 NUISE 18 tkHkkiJ UFF

LFk.'UIZsE.EU.U)k;0lJ 21U
C
C CALCULAIE AVEN~AkE 4ftS qUISE-Fkt~E sbtGLE PtjLbE 5NR Fu-4 EACH LHA'.-EL

C
v178 iJtJ CALL 5.qI'lS'i)
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u 17 iF LIAVUISO%,).L.)ICFY=I

ulo3 CALL AaSL~ (bf'LP: 'PO)
Uio'4 %Ai I E (bgtvuUoi

olob 22u owk I~ IL tU 7b o-,(I r A kI AU A ),VIS VtIVA )
I AMSAvLI),AV AV(1).dErSAv(i),sdErAn(iJ ,SIETAV(I)

U167 CALL CLOSE (0)
ulod d5u CALL ASGN(c!2'UK:P1SS1M.NAM ',0U,Puol)

u1~ S~ 30 ) CALL PLUrLO)

XM1CF41 ~ ) /1 *z9

ulyi AMAXZ(CF+Fo%/2. )/1.'w

U14, IMAX=ASCALE
ulva CALL AxES(A,XMIN, XAX,kMAX-Xl)/5U. YMN,IYAX,

1 (Y-~AA-YM1N4)/5.,XMIN,YMIN,d4.,bOU.,15V., IOU.)
u I't I ,iE,&iJ 1,bO~b)NAMI
vI 143 LAUL22,eQ~o),NYAAla

U199 CALL LAdiLL(A,-NAI,'YAXIS)

v~uu CALL tILADER

C
C PLOTTIN~G MO.RIZ OR R"iC AMPLITU)E

Uu1 U0 -400 IF21,,4STEV
(j~u2x:$~xEwtIF)/1.E9

u~uS 1F(LCi.EQ.O)Y=AI1SAV(IF) !it~TT1NG PEAK N0IkIZ AMPLITUtE
u~u!) iFtILli.EQg.I)YZCA3Su(WHCSAV(IJ !GtTTIN6 PtAK 'R'C Am#'L1TuOt

02V 7 IF tI P-I XS IEf. I )CALL L I vE (A X, Y/UVOL TS. u)
'i 2kq FIfST2U

ie I 140 u CALL LI'4E(A,X,Y/jV,)LlS,l)

-j2 13CALL .iOfLLPY
V21 - LALL SrALL

0210 '41 v ACCEP'T 6UUbIA.vS
UV20 42u CALL PLOI(U)

Ue 1 1 AM I V= (CF -FiA / 2. ) /I E~9

U~e2 YMAX=ASCALE
u 2.E CALL AxES (A, A.MipXMAA ,LAMAX-MIN) /tU VAL 4vYMAA#

v~e MEAU (22,bOV6)"dAAX7S

v2.de LALL LAdtLLA, ,XAAat,..YA~1S)

ve~elCALL '1LAOJk
C
C PLOTrL t, vt'tI Oll LMC A' LlTuuE

C

u~e, A~o~twIF) /1.L9
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U250 IFtICIIH.EQ.U)Y:AVSAViIF) liETTINit PEAK VEN(T AMPLITU)E
Ve2IF (I C I Kt. ) YAd(L~fCSAVt IF)) iLAUING PEAK~ LHC AMPLITUDE
VeS4IF (1FIIST.Eti.1)CALL LLNE(AO,Y/UVOLTb.U)

u~il 5oo CALL LI,-E(A,.X,/UVULTSv1)

v 9!14 uCALL HlWCPY
V241 CALL STALL

(D2i3 tblo ACCEPT 6UUbrIAm~S

ue413 XMN=(CF-F/.)/.E4
u~d~o X4AX(ECFtFSA#2.J#1.E9

Ve4d YMAx18du.
U249 CALL PLOrLO)

U2,U CALL AXES(A.AMIN,XMAX,LXMAX-XMINJ/5U..,Y-IiYMAX,
I (YPAX-YMI(4)/50.,XM[NYMIN,6d40.,bUU., 150., 100.)

U~1 NEADI.c!,oOU6)N9XIS
V2.3. REA&)t22,*OUb)NwYAXIS
u~tbS CALL LAOEL(AIAAXIS.NVYAXISJ
V254CALL HitAUEm

C
L PLUTTINfi PHASE dETvvEEr4 II & V OR RHC & LMC
C

02513 00 600 [F1,pr4STEP

11abb Xz3FREt2(lF)/1.E9
027 F tIClM.EQ.0) Y=tETSAvt IF) 'lau./PI

u259 IF(ICliK.EQ.1) Y=CoETAS(IF)*18U./PI I
U201 IF (IFImST.EOJ. 1 CALL LINE (A, XyU)

o~o$ IFIRST:0
V634. bOO CALL LVIL(A,X,Y,J)
v~b5IFkIC.3Y.t~l.Oi iOT0 610

u2*7 CALL HiUCPY
V2013 CALL STALL

v~b9 4.010 20
021V blu ACCEPT 6uObIAivS
U271 o2U COovT LvUE

U212 00 150v IFPT=1,2
v273 00 luls) lz1,.iFFT
U214 1010 VALUE.I)=CMPLgtO.#u.) !ZER~O O01 CUMI'LEx ajFFE, VALUE
u2tt) U0 1Ueu 1:1.,JSrEP
v276'. IF tICIig.E-i.0.AIiJ).1FF1 .EQ.1)VALuE(I)=

I CMVILXtmI3AV(I).'1uSAV(I)) !LUAu 6UFI .. l 4Irh HL'RIZ IA's
u276 IF tICLe?.E0.0.A.0.IFFT.EUJ.2) VALUEL I):

I CMPLX(A?1SAv(I)vV.) lLuA) oLFtN 4AL PANVT miTh. "U1IZ AMIP
vdou IFtICL4.EJ.1.A.4U.IFFY.Lij.I)VALuEUJ:.4IiCSAV(1) !LuAu buFFLeR *dJ' *

ueog! IF IICI'4.L2. I.Av0.IFFT.t.d.a)VALUtlI)=
I C,4PLXkCA,3S(,tHC5AVtl)),tO.) !LUJAU dUII-L4 qLAL FAkT ^ITn NRtC PEA'k

u2o.4 104ao COrvT I muE
V205 AVGVAL:CMPLX9.#V.)
020b uOlO I1u

C
C Rc*VVE UC VALUE FHOM FF I INPUT (IF IMPLLmL:*TEu)
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C
C 00 lubU I~l,.45rE
LIU5U AVbPVAL=AV1)VAL*VALUE(I)
L AVGVAL=AYGVAL/FLUA r(i4STEP)
C 0(1 lubo I=IoNSTEJ
C Juo VALUE ( )ZVALuE (I)-A V(VAL

C CALL om1iATE(VALlJE.i-j) !FIT INPUT ALI(,MTING 11 CALLtU
u~o8 CALL 4LUtbN('-jvVALUE, +1)

UIJ69 CALL PLUr (U)
U29U DELXC/(.FdeiJ
U291 IXMAXZIF IA(DELX* (NFFT-1 )*0.5)

0292 IN~tvNmUU(IXMAX,5)
u~l#J IF(INEMAi'.t0.0)GUTu l0dO
u295IXMAX=IXMAX+(5-IREAN)

U29b 1U60 XMLN=O.
u297 XMAAMFLOAT(IXMAX)
u24d lMiNZU.

ujU) CALL AXES LA,4liN,XrMAMX4L'AX-XIN)/5v.,

u3iil KEAU (22,bO0b)r6XAXIS
u.Su! rEAI) (derb%0t)b)-iYAKIS
u3v5 CALL LAtSELtA,NXAXI3.NvYAXIS)
u3u'4 CALL MtA0ER

CPLOTTlN6 FFT (IF HURIZ ON RMC CHANNEL

C
03W) 00 ItUO Iz:1,FFT

su ObX=1-U*UELX
30 Y zC AeS (V ALUE (IJ /FkI G

u3un CALL Lilv(A#X,U.,uj
* 3V9 IluO CALL LIr'j(A,X~,1j)
* 31 v IFLICPV.tLj.vJ UO I JI I
U512 CALL -HOCPY
v313 CALL ~iALL

v 3 1 '&;OTO 1120
U31'3 1110) ACCEPT oOObIArlS
U13b ll1!U LALL PLOr (0
u317 XAINZjU.
u3Id XtMA:FL0AT (IX(4AXJ

v~id YfAA=dU.
v~el CALL AXES (AMIiINMMAM.(XMAX-XMI~iJ/5U..

I VMI'quY'AA,(Y.4AX-Y41Il)/50.p1MINVNW'I4udi..Dbb~J.e 1J. Iuo.)
V322 mEAO (22,0bJ,'dKXAXIS
vle 3 qLAO (e2#bv0t))lYAXIS
0124 CALL LAlELtArNXAAISr,vYAAlb)
uAe! CALL rtAJftc

L
C PLOTTI~jG rIURIL tJ'w RmC FlT PHIASE A..I.;LE OArA
L

u3ef xzt11)*)ELX



F.),KTA%' LV VOIC-03F. ThU ?d-UC7-62 OU:05:06 PAGE 006

u3e68 YZA1A,4tAi'.AG(VALUti~Al)).REAL$VALUE(li))

u3eq YZAMUItyP2)

4)1%13CALL LINELAoXvd.,O))
VJSbt Ia00 CALL LINtAATLJ
o$St I(ICPY.EGO) .GUTU ld~lu

(J334CALL HRO~CPY
)3'40 ChALL SIALL
US'.1 GulL) iot0
0342 1210 ACCEPT 600b,IAtIS
0345S 15VO 4..L)PII NAE
l03444 UO Z500 IFFTZ1.2
vts*5 0001o 121,44FFT
V34b 201 v&LI~tALCMPLX(0J.) !LLRO OUT COMPLEX 6IiPFtR VALUL

03'.$ IF L1C~v.EQ.0.AN0.1ffl qEa,1)VALUE(t):
I C14PLA(VISAVtIJ.VQ5AV(1)) !LJAD BUFFERI altI VERT I&0

I Cs.PLXAVSAV(D*,) !LuAU BUFFER~ REAL PAR~T AI1TH VERT AMP
U2lFkIC~rt.E0i.t.AN'i.1FFT.E0.1)'VALUEI1)=L$iCSAY(L) ILUAL) tUFFt.N ftlTt Lk

U354 LV (1CIN.E..A'40.IFFT .EQ.a)VAL.JE(l)
I CAPI. X(C AS(LHCSA V( I)..) ILUAU duFffw REAL PAR~T ovITH LHC; Ame~

V35b 200.0 CONTINUE
us3i7 AYGVALm.CIPLfl(#.v0.)I
1358 6010 avlo

C
C R~EMOVE OC VALL)E FIR0M FFT INPUT (IF IMPLEMENIED)
C
c 00 2u5o 1:aiEP
C2U~v AvLvAL=AVGVAL*VALUE(fl

C A1ALAY6AL/FLkAT 0JSTEP)

C206V VALuEtl)zVALVE(TJ-AV0VAL
U39 q? a C-v T INUE

C CALL OM-VA FE (VALUE.- a) !FFT INPUT AfI~iiTI~G IF CALLEU
03.0 CALL vLG~VUNrVALuEstl.)

ulsolCALL PLOT (0)
VU2 AMI14=.

U303 XMAX=FLATIIMAX)
ui3'i YfN~o.
U36S YmA~zl)
V366 CALL A;E.S (.~N1A.A-MNI%

03l EAO ebU)IAI
v 346 R(EAL) (j26b,4TAXIS

%)sb4 CALL LAdEL(Ar,4XAXISNYAAIS1
v370 CALL i~kWE"

k;

C PLUTI1;~U M~F OF VERT J94 LHC CI*IL

U372 Xz(lI)*t.LX



FOWThN IY vo1C-o3F* rTHU 2t-UCT-82 QU:0;5:9o VrA6E U09

'137' C ALL L1~t'(AAX,U.*U]
u3lh ilvo CALL LI.IE(ArxV.1J

u31d CALL HkrUCPY
0374CALL ST ALL

u 36k Golo c?120
o3ol ello ACCEPTr bu0b,1IA4S
u3o2 2149 CALL PLUT MO
v 3(s3 x U I=0.
o 30o AMAX=FLUATLjXMAX)

u3#3b y MA X =I d
u3bl CALL AAES (At XMIip MK M(AX-XM~) /5U.,

u~bli KE1AU La,1300b)NXAXIS
03b9 EAL) t22,bU~b)4YAf1S
U 34o CALL LAdEL(ANXAAIS,4YAXIS)

u 311 CALL HE~AtJEN

C PL~frid VENT OW LtIC FFI Y*HASE ANGLE
C

0394& YATAr4a(AIMAG(VALUE(I) ) ,EAL(VALuE(1)))

0)39*, LP(Y.GT.P1)Y=Y-PLa
031pe IF (1.LT.-PI)V=P2+

v40v Y-Y*I8Q./PI
V,4 v CALL LINE(A#XtU.#0)

04V 22UU CALL LINE(A,X,Y,l)

vm v 5CALL 'HULPY
uuvb CALL STALL

U4V15 dalui ACCErT bbIANS

UJ410 IFkICIR.tQ.l)GuTU ?bu)

fid 1 ICIN:I
ua 13 bOTU 300
U'&14 2600 CALL CLUSE (d2i

0415 1 Kum= 1IUN+ 1
0416 FkIIUu*.LQ.c*jGUTU SOVU

uii19 30uo CALL V14CSZ(O)
C
C

04de4) 6012 FQNM1AT(SAe)
vuelI *011 F kA T 0 u. v)

I I A# SCALE: 'I #I.,/lx,',iw~tiN SCATT(Er~: ',oc/)

444 bOQ)6 F0,v4AT(llj,T5,'FkEo',

I I 16 MIR 1 13 , mu 2 k 4 EKI I 1 ~



FUiRTkAh IV VU1C-03F. TriO 26-UCT-82 uo:05Zud IPA6E 010

1 T70,'e1OiZ AMP',res.'vEdl AMP',T96,'dETA'.
I T10*''i ldErA'#T122.'V B~ETA')

044en b0V7 FONP4*r~1vt2XvlPEll.'))
042b cou6 FOeiMAT(2uA2)

v ouS 1 6O5 i MAT(' ANvTEN.VA ISOLATION IN UlD)'
U428 600'4 IOe4MAT(FU.0)
0'429 o003 FONi4tATg' NUMdEH OF FWEUOtNCY RAMP STEPS?'/)
0430 b002~ FOMMAT~16)
0431 b~ul FUNr4AT(/' NUMtoR OF FFT PUINIS (LESS Ok EtJOAL 256'/)
04152 bOvO FORMAT(' RUN NUMBER~ '*,I3/ UATA FILE FUR~ bCATTEmER4S'h)
0463 tm
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FUIHTkAN IV STORAGE MAP~

NAME UFPSEI AiITHIBTrES

NXAXIS 00OU6 idtEGEk*e ARR~AY L2U)
N4YAXIS U005 ItFEw*d ARR~AY (2Vl)
A UOvlcb WEAL*4h AWIIAY (.au)

LBd TA 0012UO kE&L*4 VAAIABLE
LAMLIA VOIeU'4 REAL*4 VARIABiLE
AVLVAL 00121V CJ,IPLEX*d VARIAB3LE

t" U012eU CJMPLEX*d VA4IAtiLE
tv V123U CUMPLEK*d* VAR~IABLE

L(HU(K U0124JQ CU,'PLEX*d VARIAtbLE
ETVExT V012'50 COMPLEX*d VARIABLE
A,4tiM UJ~leot CUI4PLEX*8 VARIABiLE
A~uV oU012L) COJAP~LLX*t VANIAtiLE
LHTP U01500 LU,-PLEX*8 VANIABL.
EvTP 001310 COMiPLEA*a VAkdAIOLE
EHT U01320 CL34PLEX*d VARIABLE
LvT V01330 COMPLEX*6 VARIABiLE

AitiHi V01340i CUM#'LEX*d VAWIA4dLEI
A~kV I V vi35v CO'.-PLEX'6 vAolAdLE
rM1ACL 0J013bU) CUAPLEA*o VANCIAdLE
tvACC VO1370 CO,'It>LEX*d VArkIAOLE
VNn UU14yu C,%MPLtX*d VAN IAtiLE

V14 01410 CUMI'LEX*d VARIABSLE
VluSw2 uo1'4e) wEAL*4 VAIABLE
SQ14T (DIOUO REAL*4 PROCEOuRE
UVULTS uOI'444 REAL*q VARaIABLEI
C 00O1430 4~EALOO VAWIAt3LE
ICIy 001'434 1ITEGER*2 VARIABLE
ItUN Ut)1436 f tivER*2 VARIAdLE
Hij Uuk1..O ,EAL*4 WAr IAdLE
life U0144'" KCAL*4 V'AsKAdLE
P144 v01450 ttAL*4 VARIABLE
LDtf U I 4t 4 4tAL*4 vARIAILE
PLuT vuOOVQ xtAL*A t'RuCEi~uNE
VI'6CS1 vUOVO Xt AL14 iPWUCE~u.RE
XMIT U0004JU KtAL*Ai ?oc~.tWU
Lim u014bJ IEAL*Q VARIABLE

EIV U01'4b4 kEAL*4 VAWiAtILE
PHIlTV 0014470 "EAL*4 VAe(Iabt%.E
wl v01'474 kEAL.'A VARtIABLE

W2 OISUu rtEAL*d. VArtIMILE
CA'PLX VOUOVU CU(PLE*d PRuCEUuRE
CERP uOUUVG CUM*PLEXt't PRUCEOURE
Pnflpft U01504i rEAL*4 VA?4 AcdLE
PHIaV uvI5Iu KEALa44 vAttlABLE
,F u0151'* FlEbt* VARIAdLE

ASb1L,.4 UIOt/.U0 RE AL* 4 I4 HUCt~uuk
Wii o 4ul',Io NtAL*4 vArIAdLE
ke4iubl 01522 REAL*4 VARIAdLE

U : 1; VtjCo AtALE4 VANIACLE
VAqj Oul*33e KtAL*4 VArtiAt§LE

Vip u153( NLAL*4 VAgIAdLL
FLUAT VU~UUu '4tALk

4
PRUCEOURE



FORTRANt IV STORAGE MAP

NAME UFFSET ATTRIBUTES

ANYTI U015'i2 iEAL*4 VARIABLE
ASCALE U015'ab iREAL*4 VARIAB~LE
1 u01552 JNIEGEH*2 VAN~IAdLE
K QU1554 INTEGEfR*2 VAbNIASL
CLUSL. uOOO0U REAL*4 PiU~uC kei
AStNH UO15!b kEAL*4 VA'RIAtLE
ASt4Rv 00uI5b2 .EALa4 VAkgIABLE
IF u0156b INtEGEw*2 VARIABLE
F v01510 ftEAL*q VAKIAbLE
FREO uOOOOU .REAL*'4 PIROCEOUtRE
IPhIF U01574 KEAL*4 VAR~IABLE
PHNIFO uolboo ekEAL*4 VAINIAbLE
GE75M UOUOUU NEAL*4 PROCEDURE
SCALE (01604 .EAL*O VANIAI3LE
WSCALE 0OU000 REAL*4 PRUCE.UUdE
VNI 0iO1b1O WEAL*4 VANIABLE
VNU)l6E U00000O WEAL*4 PRUCE)U'RL
NV4Pa-,UOUOUU NtAL*4 IPROtCuu,

UO161' 00 NIEAL*G VANIAOLE
N2 uOlb2O NtEAL*4 VARIAB3LE
va UO~b24 REAL*4 VARIAidLE

v,,tmI 001b30 WEAL*4 VA.NIAdLEA
Cus uOUuOO0 WEAL*A PWUCEOURE
VA~hU U01634 .(EAL*4 VARIABiLE
Sit d0QUOOU KEAL*4 t'IR(CEOuIE
VrtvI 0O1b'u mEAL*4 VAR~IABLE
V.V a UO1*44 kEAL*4 VANIAULE
CAUS 000000 NEAL*4 ?RUCEOu'QE
tiI uOl6jO mEAL*4 VAR~IABLE
mEAL UUV~U "tALeS4 PwC~uR~E
il U0ib54 NsEAL*4 VAKIAtLE
AJMAG vOU000 u1EAL*'4 POCEU)Et
vI 001660 NCAL*4 VAkIAdLE

ro U01604 NEAL*4 VAnIAdLE
MZAN4G U1070 REAL*#a VARIABSLE
,rANG U01b?'4 uEAL*4 VArdlAdLE
A TAN2 uOUEJUU NtAL*'4 P~hJCEtU*R
bETA v01700 NEAL*4 VARIAkOLE
£MOUI UO0iVO KLAL*4 PuctoapgE
ikOETA 0)01704 mEAL*4 VARaIABLE
CIdLTA u01710 NEAL.'. VAkIAdLE

14 U01716 IvrEiEIW*2 VAaNIAdLf
ALUGIO uuuVO REAL*. I'W)CE~ugRE
A94UIM uOuUuO NEAL.'. v"ltCLtJM~
S~io 000UtU IEAL*.4 P~'uCEUUqtc
is'. vtillb IN1EGEft.e vAmIAdLE

ILMd OU17aU IvrE~itw*2 uCEOU'LE

1FIxST wO1742 kITEtiEk*2 VANIAALE
x A4 Iv U 1~7 124 fiEA L * vAmIAdLE
AI'AX iU17SU 4EAL*. VARIAIOLE
y I Nf vul1734 4EAL,'. vARIAILE
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FONcTNAi I V SILJRAGE MAP~

N A PE UFFSET ATrkLdUTLS

YMAX u0174u kEAL*'4 vAttlAtSLE

AXLS uooutu NtEAL*4~ P~uCEUuRiE
LAdo.L vOu(JuU I~lIE6ER*e i'RUCLUth
ME A O Rv uiv 00 H ~AL * 4 PuCEL)uRE
x uU744 kEAL*4~ VAiIAi3LE
y UOI 7t3O REAL*4 VAftlAdLE

L INE vuUIoo 14 IIEtbEke FUCEaOU'E
PsRucI-y unUuou mEAL*4 PRUuCEt
STALL uuvu KEAL*q PROCEDURL
I A.S U0 1754 1.4uEVER*2 VAkIAt5LE
1FF! IvoI7'b INTEGER*,! VARIABLE

a.,ELXt UU17bU REAL*'4 vAKIAtdLE
IX.MAX oIO17b4 IN TEtiEk*2 VAR~IAB~LE
IFIX uOUOuO INTEGEk*2 PUCE.QURE
IE14 A~ 'l v7bb 1,,jrE(;EN*2 VAIKIAbLE
Suiu uouoi INTEGEH*2 PUCEiu.RE

COmMUN 6LOCK /AtJIKKF/ LEIiGfll uuOij24

IFSTPU UOOOUU INTEI6ER*2 VARIAB~LE
lup u00002 INTEGEtR*e VARIAB3LE
L$fEP uOuOU'8 INTEGEIR*e YAlWIAtLE
.Nsitp U000U6 L,.TEGEW*2 VAR~IAB~LE
OF uOuOIO KEAL*4 VAN14IOLE
CF UOYQ1'4 rEAL *4 VAR IAdLE

Fo UOU020 NIEAL*4 VAIWIAIILt

C.--Ut 'LOLCK /ftK.CT/ iE.v(;(ti vv31
4O

bc.TLq uv'uUO "EIALa*J ARKAr tjhJ,'J) vtCTLCE
5'"ATrtX viu31uvj CU.4PLEAkd Ai~nAY t22 ViECTi~itO

CUMNUN HLOCK /rIEA&U/ LEf4GIh OJuI1.4

AIlUL UOUiOUO NAL*44 VAHIAdLE
..451A7 UOUiUU4 IEEK~ VARIABLE
G A IeA uOuQub PfEAL*4 vAftIAdLE
NU I SL vuuU Id!INEGEIk*2 VAI ABtLE
iAjvb 00YO14 nEAL*4 VARIABSLE
Ut3L~jS UOUO4!0 KAL*4 VA I1AfsLE
vxm1T uOuOieo I,YTEift*d A~ttAY t2)
IFILt vOuU3O IvTEtE"*c! A~tqAY td)
sI. utS tKEAL*4 VAftlAdt~L

0 V OUU54 KLAL** VAKIAdLE
bN ~OOO KEAL*4 vA.ZAt1LE
4".rv vouub4 rwtAL*

4 ~ VAKIAOLE
W~NIII VOU07IJ MAL*Q VA.OTA6LE
5.,iNMJ uOVUl4 4t~AL*Q vAK1AbLh
SAM v I UUUIUiU r(EAL'4 vAtilAOLE
S5n~ Ufqvt OUIVO ntAL*4 VAttIAL



FONTRAN IV STUNAGE MAP

NAME OFFESET ATIB~UrES

SNH ti0ullO NEAL*4 VARI1ABLE

CUMMUN KLOCK /AOMK/ LENGIM 0'12VUU

tIUSAV UOUOOO mEALedI ARWAY (256)
MISAV~ UOOIJUO MEAL*4 ARRAY (25b)
VQSAV 00d4000, ,EAL*4 ARNAY (25b)
VISAV u060OJU NAL*4 ARWAY (2b6)
5FREj VlO(JU0 INEAL*4 ARRAY (2b6)
shtiAH 012000 iNEAL*Q ARRAY (2gi6)
SbLTAV U140U0 REAL*4 ARRAY (25b)
uErSAV 0161)00 XEAL*4 ARRAY (256)
.WHC5AV U20000 C0MPLEX.b ARRAY (256)
LHCSAV U24dOOU COMPLEX*d ARRAY (25b)
CdETAS U300uO IREAL*4 ARNAY (256)
AHSAV 03,2000 REAL*4 ARWAY (256)
AVSAV 034000 kEAL*4 ARWAY (25a)
VALUti 036001 CJMPLEXaa ARRAY (256)

COMMUN BLOCK /SIGN'AL/ LENGTH Ouou3O

PTPwR 000000 IEAL*4 VARIABLE
RAmGE4 U00004 i(EAL*4 VARIABLE
CR 000)010 aREAL*4 VARIABLE
AI4T6 000014 REAL*4 VARIABLE
SLOSS tIOU020 WEAL*. VARdIA8LE
Pi4C v00024 4EAL*4 VARIABLE
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FONTRAN IV VQIC-Q3F* THUO dd-UC1-2 UU:ob:48 P'A6i 1)01

Uoul bbuurINE XMII LEJ,EV,PIV,NAME)
C
C THIS SUdROUT liE UETLRmIi~S THE 1HNSMI ITE) SIONAL IPULA041ZAT iUN
c

u)J(Je INTEGER~ iAME (e)
uuo.s INTEbiE NHC(2) ,LHCI.2) ,hUN(2), LN(2) ,rVL2)

v~va UATA ktCLrC,HUeRVLN,HV/'RM','C ','LrfI~eC ',#HUO,i 1,

OOU!b P13.14.159
v ut)U I CALL PLOTM0
vuvl TYP'E 10
tud 10 FOt(MAT(l 1 - RHiC'/' e - LIC'/' 5 - MRIZUNTAL'/' 4 V ER~TICAL'/

I ' - rOWILD)TAL & VER~TICAL'/)
uUU4 ACCEPT 15,IXAIlT
01)10 Is FUfMAT(Ib)
00)11 IFtLAM1T.LT.l.UiW.IXMIT.GT.5)4uIU I

u 144' lu tr1$1.
u01l3 Elv~l.

01)1/ NAMEtIJWh(;tI)

0u9 mE TUN.-v
vueug 4eou E lemz1
021 ELYvl.

Quie3 s'fAMELIJZLHCI)
vu24 NAmE2)=LMC(2)

uQ25 RET1URN

v lid d PmITvzu.

uoeq vAME ( I) :NUX (
uuvJ i.AqE ) =miO(.2)

uu31 IVI

u034 ',uITVZU.

u3b NAMEM=VER(2)
u037 RETRuN
4)13b sou L 1fl21

VU34 lval.
V1,)40 iPHL rV:0
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FORTRWAN IV 5TORAGE M4AP

NAm.E UFFSET ATTRIBUTES

NAmE uou02aa LNTEGEm*2 PAWAmETEW A~kAY (2)
.QIC vOUO24 LNTEGE.K*a ARRAY (2)
L HC u00030 I tv T fEk* 2 AWNAY (2)
HUIN 0OO04 11 T EiiE k* 2 ARRAY (2)
VE04 0000410 liqTEGE*d ARRAY C2)

m UOUQQ'I4 INYEGERN* ARRAY (2e)
Elmi 0000141 REAL*4 P-AkA4E]Ek VARIAdLE
Ely u~u016 REAL.'4 PANAmETER YARIAdLE
.PHiTV 00ug~u xEAL*4 PARAMETER VAHIAdLE
Pi UOU214 NEAL*4 VAKlAdLE
PLOT U0OUU REAL*4 PRuCEDuRE
IXMI 0.17 0022 INTEGER*2 VARIAdLE
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FON~THA'i IV VVlC-USFt THU 26-UCT-iie VU:Ub:'j7 PA(PE U~l

UuI aubhkUUTivE ddANATr ANJ

C FF1 INPUT vvtlHTING

uuue ~ CUmPLEX A(N')
UOU JAfA P12/b.atI31d5,,
UUU44 Uo IJoI1,

U(Jb IU'J Aki)A3ZA)*ATE

U v8 L NU

NAME uFFSLT ATTRIBUTES

4A IU001' CUM4PLEX*d PANA.9ETEk AR~RAY L'.)

N U0wjib 1,4TEGEIKa2 PAP(Am.ET~ VAmlAtiLt
vie UvvU HEAL*'I VArqIAdLtE

1 V~OU4 114TEGEftae VAr(IAt3Lt
'iATE 0OU0'42 14EAL*'4 VAethIA,6L

CUs UUVU itEAL*4 PRUCEOUE

FOR~TRAN IV VUIC-h)3F* THU 28-UCT-62 Uu:v7O02 PAGE Jul

hUhiol FUNCTIUN VNOISE(SO)

C
C TH-IS FUNCTION GENERATES GAUSSIAN UIaTqItiUTkU NuISL VO'LTAGE
C

00Y2 suphLi.
uVu3 bol IV) i11,1
Uut4 lu auMZ~tJmPkAi4F(U)

v 0 v, v~u1IE=(Sum-bp.j 'S

Vuub kErUMN
vou7 cjO

FUWTkA.4 IV STURAGE MAP

NAmE UFFSET ATTI1aUlES

vNUISE vuouib wEAL*4 wAxIAdLE
su UvooI.4 ii EA L* dl PANAi4ElEk VAkiIAtLE
buim uOuU22 IdEAL*Q vAv4IAldLt
I vok)026 I~qTEGEiR.a VAmIkLE
R A NF v o o oo P rE A L * PRUCLOURE

U uUVUS ntAL'*
4  

VAnIAtLE
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FNRmIV V01C-03F+ H 26-UCT-82 00:073gb PAGE 001

C
0001 SUdUUTINE RANPH(PHASE)

C
C TH1S SuUWUfINE GENRATES UNIFOmMALLY DISTRIBUTED PHASE NOISE
C

00042 DATA PI /3.14159/
QuysJ PMASE=(RANF(U)-.S)*Pl
000l RE TURN
00us LNO

FOkTRAr. IV STORAGE 14AP

N'AME UFFSET ATTIBUITES

PHASE v00014 WEAL*4 PARAMETER VARIAdLE
el 000016 WEAL*4 VAlilAdLE
,tANF 000000 REAL*4 ioRUCEDuRE
U vovOea REAL*4 VA.4IAdLE

FOKTHAN IV v01C-03F. THU 28-OCT-2a 0307:10 PAGE 001

C
0001 FUNCTION RANF(U)

C
C UNIFORM NUMBER GEmERATON

UOU2 UATA 1,J/Ot0/
uuv3 RANFZRAN( ItJ)

u1Ju 4
6 oETuwm

vusu E.ND

FOeNTKAN IV STORAGE MAP

iIAoE UFFSET AT TRIBUTES

HANF 000016 REAL'R VAHIAdLE
U 000014 kEAL*4 PARAMETER VARIAOLE
1 Q0QQ02 1M7EGER*2 VARIAdLE
J VO00!G I.vTEtGER*ie VAWIAdLE
itAN 000000 KEAL*'4 PROCEDUR~E
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FORTkANv IV VOIC-03F* TMU 26-UCT62 00:07;14 PAGE 001

uoUU SURU~Uu1UE ANOWM(N,NFFT*NSTEP*BIG)
C
L THIS SUdRUUrINE OtTEki4INE3 TML b16GEST FFT uUTPUT FUR NUIRMALIZATIUN
C OF FF1 PLUTS
C

uoud COMPLEX VALUE(25b),SmATRX(2,,2)
UOV3 ULMEoISIUN SFRE,1(256)

0004 OIMENSIOi SdTAHt2b)SETAV(25bJ
UuOS OlMi.SION SCTR104*hA(5)ASV26#ESV2b
uOu6 JIMENSIUN HISAV5)t4SAl(2a).VUSAV(et5b)VISAV(256)
UUu? DIMENvSION, CBETASL256)
vou8 COAIPLEA NMHCSAV(2Sb),LIICSAV(2bb)

009COMMUN /MUNA/MuSAVHI5AV, VUSAV, VISAV, SFWE9D SBETAN. S6ETAVedETbAd
I RMiCSAV.LliCSAV.CBL lAS, AMSAV, AVSAV,
I VALUE

0010 CUMMUN /*KSCT/SCATfR,S4AT~x
C

uull tl1Gzo.
vula UO 3 l:1.NFFT

vvil. 3 VALUEtIJ=CMPLX(0.#0.J
UU14 00 5 IZ1,NSTEP

00O11 5 VALuE(L)ZCMPLXtCA8StMMCSAVL1)J,0.0) !REAL PAKI hlTH RHC AMP
uulib CALL oLOGNd (.'dvALUE,*1.)
oulI CALL dIGESr(NFFTv0IG)
YoIs 00 13 Iz1#r4FFT
Ui)19 13 VALUEW)=CMPLX(0.v..
vO~ 0. 0O 15 1I,'STEP
vuel 15 ~VALUE(1)SCMPLKICASS(LMCSAVtLjJ,O.0J IREAL PART vvlT" L04C AMP
luoee CALL NLL)GN (NvVALUE*+%.)
uuiS CALL dIGEST~vFFTv816)

00 16 l:1.N*FFT
ovi,3 18 VALUt(I)=CPPLXk0.r0.)
uu~b 00 2u 1=1.,,STEP
uue7 20 VALUk(I1:CMPLX(AMSAV~1),Q.) :kEAL PAmT mITH rlUxlZ AmP
voeo CALL NLUGt40vdVALQE#*1.)
UL,29 CALL dIGEST(NFFTodIG)
V030 00 23 l.NFFY
u031 23 VALUELI)=CMPLX(O*#U.J
vole 00 ?S 1m1,h'STEP
4uui e5 VAL0&.IIJ=ClPLX(AYSAV(1IO.) !REAL PART "IlTh VERT AMP
9(134 CALL NLUGINt',VALUE,+1.)
u~s5 CALL dIGE3T(NFFT81LS)
uojb afTuNm
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FORTRMAN IV STOR~AGE MAP

NAME UFFSEI ATFRIUUTES

N4 000014 INTEbiEkki PAkAf4E1Ek VARtABLE
~,FFT 0OtUglb I.v.iEGER*e2 PVANAIETEN VAI4IAdLE
NSTEP u0002O INTER*? PAR(AMETER VAWUABLE

016 OU~ie kEAL*4 PARAMETER VAWIAdLE
I vttvu~o lrtIEGER*2 VARIAdLE

CmPLX 00(OOU COMI'LEX.6 P'RUCEDURE
CAbS UOUO0 RlEAL*4 PRUCEOUWE
NLUGN 00u000 INTEGER*2 0RuCE~uRE
DIGEST U000V0 REAL*4 IPROCEDuRE

COMMON OLOC( /ftOkK/ LENGTH 042000

hQSAv OUVOO REAL*4 ARRAY (256)
mISAv 062000 kEAL*4 ARRAY (256)
V(JSAV 004000 REAL*4 ARR~AY (256)
WISAV 0oo0Q0 KEAL*4 ARRAY (256)
SjFRIEU vIv0u0 KfAL*4 ARRiA (256)
biokTAH 012000 ,(tAL*4 ARRAY (2136)
58ETAV 0140YO KEAL*4 ARRAY (256)
*ETSAV UltioVO KEAL*. ARRAY (26
#cHCSA V U20000 COMwPLEX 08 ARRAY1 (256)
L"CSAV 024000 COMPLEX.6 ARRAY (215b)
CdtTAS u3004O REAL*4 ARRAY (256)
AHSAV U32000 MEAL*4 ARRAY (256)
AV34V 0340 00 KEAL*4 ARRAY (25ap)
VALUE o3tiuuO COM4PLEX'6 ARRAY L256)

C0hMUN OLOCK /RKSCT/ LEN'GTH 003140

SCATtR 0O000 kEAL*4 ARRAY (100.4) VtCTukEU

JAATNX 01)3100 C0.4*PLEA.6 ARRAY (2p2) VECTLURED
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FIWTkAh IV volC-u3F* YTiU 26-OCT-62 00:072 PAGE 001

c
C

0oul SUdI~uUTINE 6LGE31(N.8IG)
4) 0 tieCOMPLil vA&uE(2Sb)pSM4ATMX(2p2)
OOV3uIe4E'aSir 5Fe4Eu(d5b)

VOU4 uIImEiNSIU4 SdkTAH(2*6).5iETAV(25bJ
l~oub U11ENSIOlN $CATER(100,4)AHAV2bieAVSAV(25b)DBETSAV(216)

voub JIME'.SIO-v .0AV(a56JeM1SAV(25b)utJS4A('3b)uVIbAV(25b)
U007 UIMENSLO4 Cd1&TAS(256J
vua C014PLEX Wf4CSAVI256)vLHCSAV(2SbJ
UQOU9 COM0ON /teWRK/HUSAVuNISAVeVQSAV, VISAV.SFREUSBE1 AH,StIETAVBETSAV,

I IMCSAV,LfCSAVCdkTASAI5AV,*A'SAV,
I VALUE

uiol CO.MUN /*gKSCT/SCATER.SrATRX

ouR! 00 14) L--.N
OU12 AVALZCAISSLVALUE(I))
u013 10 LF(AVAL.tiT.BIG)BIGZAVAL

vulb IN

FOitTkAtt IV STU'RAGt MAP

NAM tFFSET ATTIRIdUfE3

000014I INTEGER*2 PARAMCTENVAIR L

diG (OU016 REAL*# P4AsME 7Em VAMqA5OIE
I uU04 I.ATEGE.4. VARIAdLE
AVAL U00036 REAL*4 VAmIAdLE
CAdS vu0uvi4 iKEA*4 sN(,CEOumE

CUM"Uiv iLUC.A /AUOX L.Ei#GTH 04UOaUt

HO0SAV UQUOOO NEAL*A ARRAY (db)

nolsAv U0U0V ,EALa4 A~mAY (25b)
W'ibAV U0'4UVQ NEAL*4 ARRAY t25b)
V15AY 96U00 MEAL*4 ARRNAY (dib)
SFRFu O1UUUO HEAL*4 ANKAY (25b)
SS3ETAN i12UUO WEAL*4 ARRAY (g25b)
SotTAv U1'4QUO REAL*, ARR~AY (a5.)
SETSAV 0160VO MEAL*4 ARRAY (2ZAb)
kNCSAV Oeu0,,0 CtjuMtLEX* ARRAY Rhb
LP'CSAV Ul'I0VO COPIPLEX*d ARRNAY (256)
CdtrAS u3uOOO .4EAL*Q ARRAY ti5b)
AmbAV U32uuO REAL*4 A~lNAY (25b)J

AVSAV 034000U NEAL~m ARRNAY (256)
VALUE V30VOG CUMPLEX*6 AMIkAY (256)

COfnlwfj. HLULKIm( CT LfrvG1H OU314O

SCATtR 00VOu0 KEAL"4 ARR4AY Jjv0,Q) VLCTURED

Sf'ArTKX u031uU COr"PLiXA. AR1RAY (2*2) vEtuNE)
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FONTRAN' IV V0lC-03F* ThU 28-00-8Z 00:07:33 PAGE 001

0001 FUNCTION RSCALE (LAM4OA)
C
C AMPLITUUE SCALE FUNCTION
C

0002 WEAL LAMDA#IMPEO
UOUS COMMON /31GNAL/PTP4RRANGE4,CR.ANTGZSLOSS.PIRC
VO00 DATA IMPED/50./
vOUs PRPTPRANS2(LAOA*2.)CRtPlCRAGE*SLuSS)

C
C. PEAK OUTPUT VOLTAGE 1S RELATED TO AVERAGE TRANSMITTER
C POwER OUTPUT (AflEN TRANSMITTER 13 SAITCHE0 ON) BY 3URT(2.)

000b RSCALEX3QRTCPR.IMPEO*Z.J
0OuT RE1URN~
0008 END

FORTRAN IV STOWAGE MAP

NAME OFFSET ATTRIOUTES

ASCALE 000016 REAL*4 VARIABLE
LAMOA U00014 WEAL*$ PARAMETER VARIABLE
IMPELI VO022 RN.AL*4 VARIABLE
PR 00002b NEAL*4 VARIABLE
SORT 0G40aQ REAL94 PROCEDURE

C'JMMO% 8LOCK /SIGAAL/ LENGTh 00003U

PpAreo 000000 kEEAL*'a VANIASLE
.lAfGEG 000004 NEAL*4 VARIABLE
CR O~UOtO OEALadI VARIAdLE
ANTG2 U00014 WEAL*4 VARIABLE
SLOSS 000020 WEAL*4 VARIABLE

*PIOC 000024 REAL*4 VARIABLE
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FOR~TRAN IV VO1C-0$F+ THU 28-UCI-oa uU:u7:38 PAGE 001

4Q1 FUNCIIUN FWEII(l)
C
C GLNENATe fWLU(UEm~CY iU~U~T STEP AS A FUN~CTION OF
C THE LAST FHEIGUtNCY RAMP~ STEP IWANSMITTEU
C

(002 COmI0ON /aUKF/FSTF,1uP,LTPNb1EP,F,CF,Fbv

UUUS IF(IFSTFQ.NE.IJGUTU S
uuu~ LFSTEI-n0

uuvib FQCF-Fdvv/2.
0OV7 Iup:1

uuue LSTEP=1
U009 IEIUMN
U010 I F(IUIP.NE.I)GOT0 100
QUla2 IF(LSTtP.NL.,4STEP)GOTO 10
OU14 uz
vu14 REUMN
uolb 10 LSYEFPLSTEP.1
0017FEJFEQU
0018 PEU(
U0110 101 IF(LSTEP.NE.1)GOT3 110
U04a1 luI
uue2 otE Tukr
0023 lbQ LSIEe=LSTEP-1
vgQ4FE~F~qO
OU25 RiETURN
0026Em

FU,4TeAN IV SrUR4AGL MAP

NME U)FFSET AT TR ItSUTE3

FRtOJ v0Vul6 NEAL64 VA~iJAdLE
I %ouov 1 ldtqEGEM.2 PANAMETiEi VAliIAtILE

CUMMON 'bLOCK /MNKeF/ LE,46TH 000oa4

IFSTFQ g,00000 I,rE%;ERd VA44IABLE
LOP YQUOu2! INTEtteNa VAMIAWLf
LSTEP 000004s lITEGE't*2 VAIIIAOLE
mSTE' U00046 LmeTEg.ENi2 VARIAdLE
uf vuOOIQ JIEAL.4 VAMIAdLE
LF UOUU14 KEAL*Q VANIAdLE
Fdoo O~uO2o REAL*4 VAtfIAdLE
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FORTRANi IV VOIC-03F* ThU Rd-OCT-82 00107-45 PAGE 001

0001 St~aRUuTLNE GETSM(I)
C
C DE.TERMINE SCATTERER TYPE ANU CALL 1103 MATkIX
C

0002 COMPLEX SmATRX(2#2)
U003 ULMENSION SCATER(lfJO,4)
~000 CO.MON /WI5CT/3CATERt.SMATRX
000 GO1OL1UU.200.300,400)IFIXt5CATENRIl))
000b 100 CALL PLAI~LIl)
s) ou7 REhUkN
0008 i00 CALL OINEU(IJ
000 .ETUWN
"010 sou CALL THIMED~l)
volt RETURIN
0012 400 CALL QiPOLE(1)
0013 RtE Tu.'
0014 END

FORTRAN IV SrokAGE MAP

NAME OFFSET AITRIOUTES

1 000014. INTE6ERa PARAM4ETER VARIABLE
LFIX vogooo INTEGER*2 PROCEDURE
P'LATE UVOUO0 kEALai PROIIUER
UINfEU "00000 OEAL*# P'IuCE~uRE
TwImED v~u0Q0 9EAL*4 PRUCCOURE
U1#eULE iJOUOUO KEAL*E4 O"uCEDu.OE

COMMON dLOCK /*KSC7/ LEi*GIh u0314io

SCATER 000000 HEAL.'. ARRAY (10i0,4) VEC~uAEU
SiMATKX U0310U CUMPLEX~d Ai.4AY (2,Z) VECTUkeo
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FOeRTRAN IV vUiC-03F# THU 28-uCT-82 ou:(.i51 PAGE 001

(.001 SUtdMuUf1IE PLATEMI
C
C FLAT PLATE SCATTERING MATRIX
C

00Y2 UIMENSION SCATLR(ltIO,')
QouS COM4PLEX SMAYNX(2#2)
(.Uu' COMAMUN /VKSCT/SCATER#SMATRX

4) 1) '3 $W5GM=StjW1(SCATER(1#2))
U006 SMATMXItl )UCMPLX(1I.#.(.*SMbLGM
Uu7 5MATRX (l#2JZCIPLALO.#0.) 'SRSLGM
uosju SMAfTkX(2I)SMATmx(1,2)
0.009 SAT.X(2,2)zSMATWX(1.1J
U.010 mEtUeRN
(Oil END

FNTkAi'4 Liv STONAGE MAP

NAME OFFSET Af1TRIdUTES

1 V00014 INTE6ER*Z PARA14ETER VARIABLE
SRSIGM L-0U036 WiAL*4 VAR~IABLE
SONY O0uOUO 'aEALU'a 'ROCE~ua4E
CMPLX YOUOOO CUMPLEXte PROCEDUR~E

CUMMLjN dLOCR /OVKCI/ LEtvGTM 003140

SCATtR uUOUO0 REAL*4 ARMAY (100.4) VECTuiREV
S,4ATK 4031uO CUMPLEX*d ARR4AY (2#.2) VECrURED
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fuxyTktt IV VolC-0SF+ ThU 28-UCT-8Z 007:5b PAGE 001

C
(buit Sut*NUurINE OIKEOI~l)

C
C DltDIAL SCATTERING MATRIX

uo.2uImEiSIJm SCATIR(l1iU.41
OO00S COMPLEAJ SP'ATRX(2#2)

oou#4COMMONE /.o3CT/SC*TiiR#SMATRX
U005 3ks IL(Emsst ( CA TER(12) )

004ibSpAT.AX~l,l)2CMPLXtCO3t2.*SCATE(I,3)) ,U.).SW81GK4

0001 W4ATRX(1.2):CMPLA(SIN(Z.OSCATLRL1.5J) .u.J*SWIGM4
uvue bMATXX(2,1)SNMATWX(lv#?J

0009 t4ATX(iP)=CPLt-CI)(..*SCAfRN(I,3)) .O.)*SNSlG4

0010 ,dETuiiN
4011 E 110

FORTRaAN IV 5TURAGi 04AP

N4AME OFFSET AFTRIBUFE3

1 000014 INTEGER*2 PARA"ETER VARIABLE
SRS1614 000036 NEAL*4 VARIAOLE
S~wT 000000 A4EAL*4 PROCEDUR~E
CMPLX 000000 COMPLEX*6 P'ROCEDURtE
Cus 00viUU IkEAL*4 PRUCEOURE

stl OVU00 REAL*4 ePRCtgDuwf

COMMUN~ dLOCK ivsK3CT/ LENGTH OU314U

SCATL.R UOUOQO REAL,, ARRAY (100#4) vitCTOtRE
3mATIRX 003100 COMPLEX~d ARkAY (2p2) VECTORED
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FORtTRAm IV ,gLC-03ft TrIU 28-OCT-62 UO:o8soz PAGE 001

0001 SudR~uTINE TRlIHEI(l)

c TRIIti)AL SCATTEING MATRIX

U002D1HEivSl~Jt SCATER(10O,4)
uous CVmPLEX SMATiAXt2)
uoUO4 COMMON /*wSCT/SCAIEROSMATRX
UUU5 5SXI6M:SURTC5CATER(ls2J)
AUOUb SMATNXItl)aCMPLX(-l..O.)'SSIG4

00 IMAToaxL1.2JSCMPLX(0.IO.)'SR31GM
lioud SmA Tm a(2p 1) ZSATx I( I o )
009 MAT4X (2, 2)SMATNS l )

solo vETUIQ4
voll h

FO~cTRAN IV STOIKAGE !NAP

kAmE OFFSET ATTRlIBUTES

I U00014 IIMTEGER'2 PARAK FER VAIIIAULE
SRSIGM W0003b WEAL*4 VARIABLE
SORT UU0 .REAL.'i PRCICEOUIRE
C04PLX 00ou0g0 COMPLEXeG PROCEDURE

GUMMU'v 8LGC( /"K5CT/ LE,*GrM 003140

SCATtIR VOUGUO NEAL*4 ARRAY (100#4) VCTUjNED
bMATRX V0Sluu CUMPLEXeG ARRAY (2#2) VECTCjNED
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FUiRTNAN IV VOIC-03F. THIU 26-UCT-62 Uu:08:07 PAGE 001

C
Q0ul SUdRIUUT1NE OIPULEEI)

C
L UIPOLE SCAITERING MATRIX
C

Uuv2 tImESIOi4 SCATERtIOO,4)
VUO3 COMPLEX SMATMX(2#23
6uu'a COMMUN /WKSCT/SCATERSMATRX
0005 SRS!GMZSQRT(3CATER(IO2J)
V006 SMATRX(1. 1)SCMPLX(-COS(2.*SCATER(I,3) ),O.)*SRSIGm
000 SMATIX(1,2)=CMPLXt.COS(SCATER(I.3))*8IN(SCATtWL1.3)),o.J*

0008 SMATIkx(2*1)=8MATRXC1,2)

0010 HE TURNv

FORiTRAm IV 3TORAGE NAP

NAmE OFFSET ATTWIGUrES

1 000014 INtTEGEW*2 PARAMETER VARIABLE
SRSI1wTM 00003b I4EAL*4 VARIABLE

*sal 000000 REAL*4 PROCEDURE
CMAVLX OOOOuO COmPLEx*8 PROCEOuRE
co VC900 u OJuU EAL*Q PRUCIODjRt

$I,, UvuO InEAL*4 VR1uCE~uRE

COkMON B~LOCK /nuftCT/ LENGTH 003140

SCATER 000000 REAL*4 ARRAY 1100.4) VE.CTORED
5MATRX U3100 COMPLEXeG AM.4AY (22 VECTUNEU
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FUNTWN~r IY vUIC-03F. TmU 28-uCT-82 00:17:32 PAGE 001

0001 SUORUUTINE HEAUER
C
C PLUTIN(i hEAOER DATA PRINTOUJT

QOV2 COMPLEX SrATHX(2p2J
uOuJ UIMENSIUi SCArER(100r4J
0004 INTEGERI~ FILE)*NXM1TJ,)NPL,KyKN
0J005 COMMOUN #VOKF/IFSTFQ, 1LPLSTEPuNSTEP.OFCFF8'v
0oub COMMON /RKSCT/ SCATERSMATWX
0007 COMMUN /IEAU/AISUL,NSCAr.GAINA,NUISE#

1 RANGE# DdLOS#i4XMIt# IF ILE p SP BI Go
1 S4RN4,SNkV,SNRHI .SNRH0,SNRVISNRVQ,SNR

uOuO COMMON /SIGNAL/PTPARNANiEA4,CNAiTdG~.SLOSSPI'4C
OU9 LJAIA KY.IKN/' Y',' No/

C
C

0010 vRSK
U011 IF(;4UISE.EQ.O)GOTO 5
0013 NPRES:iKY

L
0014 5 CALL PLUT(-1,O,760)
v015 CALL V14CSZI'I)
U016 TYPE 9
0017 TYPE 1').IF1LE,NSCAT.NSTEP,GAINA,AISOLNXMIT,PTPmW.

1 CR*UdLO33r81G
001d TYPE 11,NPRESe(SD/1.E-b)-.SNRh,SNNVRANGE
0019 9 FONlmAT(Lm+#40XvfHF GUZO~ANCE JELHiNOLOGY PULARIZATION SIMULATION')
0020 10 FONMAT(9X*.OATA FILE rNAME:'@aA2,

I lXONJm. SCATTEkEftS',13.
I 3XvlFiREQ STLPS:'* 13,
I 3X* 'ANT (GA,4UdO:',F7.2v
I 3XPOANT LSOLATIIN(O8)',F7.2/
1 9x, 'XmIT:1,2A2,
1 3X.'lmIT P.W/CpL(vATTS:Fo.2,
1 3X,'COmP WATIO:',Fb.2p
I 3X.'SYSTEM LOS(DtW:,F-3.e,
I 3X.'FFT SCALER:'#IPE14.b)

0021it1 FO~fAAT(9X.'NUI3EI'vA2,
I 3x*'%OISE SO(UVOLTS):l,F'.5,
I 3x.''i AVG ShiiRD):',Fb.2,
1 2X.'V AVG SNM(Od)'.oFb.2#
I S1,IRANIE TO TARGET CELL(METENSJ:',F8.2)

U022D00 ~ 12101000
uO23 20 CONTINUE

Uu2~4 CALL V14CSL(1)
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FORTR~AN IV STOWAGE MAP

NAME UFFSET AIIwIdUTES

Ni'ME5 0006'Ib INTEGEW,2 VAR~IAB5LE
KIY 000014 LNTE(GER*2 VARIABLE

KN 00018 INTEGEW*2 VARIABLE
PLuT 000000 REAL*4 PRUCEOU*t
VI'ACbZ OUuOUO WEAL*4 FRUCEDURE
1 00065o INTEtiER*2 VARIABLE

CUMMUN dLOCK /tsOWKF/ LENGTH 000024

IFSTFO 000000 INTEGERa2 VARIABLE
Itip 00U002 INTEGER*2 VARIABLE
LSTEP 000004O INTEGER*2 VARIABLE
risTEP 00000b INTEGEN*2 VARtIABLE
uF 000010 kEAL*4 VARIABLE
CF 000014 kEAL*4 VARIABLE
F tiv. 000020 MEAL*4 VARIABLE

COMMON BLOCK( /oKSCt/ LENGTH OU3140

3CATtR 4000VU REAL*4 ARRAY (100v4) VECTORED
SMATRX 003100 COMPLEXed ARRAY (2p2) VdECTOREED

COMMGiM BLOCK /NEAOi LENGTH 000114

AISOL 000000 REAL*'4 VARIABLE
NSCAT U00004 INTEGER*2 VARIABLE
GjAI"A 00000b kEAL*4 VARIABLE
.UISt UO04 i12 IN'TEGER*2 VARI~tILE
I4A,dt 0OU014 WEAL*4 VA'K1AdLE
IJNLOSS 00002U REAL*4 VARIAtILE
4ImIT O0u024 INTEGiEk*2 ARRAY (2)
IFILL. u~uOSO I-vTEGEN*2 ARRAY (8)
bLI UOU050 mEAL*4 VARIABLE
BIGf 0OU0154 'EAL*4 VARIABLE
ShkH 000000 REAL*4 VARIABLE
bhkNv 0O064I REALadI VAWIAULE
Srocei uOUOTO tREAL*4 VARIAtILE
SNI4MU 000074 mEAL*4 VARIAOLE
SNRVI UO0l00 REAL*O VARIABLE
SNmVU 004104 REAL*4 VARIABLE

Sk 000110 REAL*4 VARIABLE

L-ImIU-4 OLOCK /SIw.4AL/ LENGtH 000030

PTPOVF( vjiuo NEAL*Q vARIAdLE
xArNGk4 000004 mEAL*4 VARIAtILE

uOml U001 WAL*Q VARIABLE
A%Tfi2 VOU01. REAL*Q VARIABLE

SLu~Sb V0U020 k~kL*4 VARIABLE
P114C uOuO24 REAL*4 VARIABLE
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